Turkey is a developing country and has achieved impressive economic development in recent years. But this rapid growth has brought in many environmental problems in Turkish cities, such as air pollution, water pollution etc. In order to eliminate these problems, environmental performances of the city administrations must be evaluated. The objective of this empirical study is to evaluate the environmental efficiency of 81 Turkish provinces for the year 2010 by using by Data Envelopment Analysis (DEA) technique. Efficient and inefficient units were determined in the system by four proposed DEA models. According to each model, the environmental efficiency maps of Turkey are constructed and the risky regions of the country are determined.
Introduction
Recent developments in technology and rapid economic growth have been accompanied by extensive environmental destruction in a global context. Human activity has damaged the natural integrity of major ecosystems on every continent, seriously threatening the security of the societies depending on these ecosystems (Roseland, 2000; Coli et al., 2011) . In recent years Turkey has achieved rapid economic development leading to fast urbanization. However, growth at this speed has brought many environmental problems, such as air and water pollution from the dumping of chemicals, detergent and other waste products. These critical environmental problems have been important particularly in urban areas since the mid-1990s. Charnes et al., (1978) . Several studies have demonstrated how to use DEA based techniques to estimate environmental performance indices. Coli et al., (2011) measured the environmental efficiency of 103 Italian provinces for 2004 using a DEA technique. In their model they considered three kinds of variables; inputs, outputs and undesirable outputs. Kuosmanen and Kortelainen, (2005) , constructed a general framework for a dynamic environmental performance analysis. Kortelainen, (2008) , proposed an environmental performance index by applying frontier efficiency techniques and a Malmquist index approach applied to 20 member states of the European Union in 1990-2003. Kuosmanen and Kortelainen, (2007) , used an environmental costbenefit analysis for the social evaluation of investment projects and policies that had significant environmental impacts. For this purpose, the authors proposed a DEA based method, which does not require price estimation for environmental impacts using stated or revealed preference methods. Kuosmanen et al., (2009) , conducted an efficiency analysis of ten alternative timing strategies, taking into account the ancillary benefits. They implemented the approach proposed by Kuosmanen and Kortelainen, (2007) , since it does not require a prior valuation of the environmental impacts. Munksgaard et al., (2007) , demonstrated how to utilize the information on environmental damage costs within a DEA based environmental performance index and estimate these indices at the product level using Danish inputoutput data and environmental data from 1997. Managi and Kaneko, (2009) , analyzed the performance of environmental management over time using province level data for 1992-2003. Burnett and Hansen, (2008) , examined the relationship between environmental performance and productive efficiency in the United States electric utility industry before and after the 1990 Clean Air Act Amendments. Sarkis and Cordeiro, (2001) , explored the relationship between environmental and financial performance at company level, using a comparison between the differential effects of pollution prevention efficiencies and end-of-pipe treatment approaches using DEA. Sarkis and Cordeiro, (2012) , proposed a DEA model permitting the simultaneous consideration of 'good and bad' outputs in evaluating efficiency. They determined joint ecological and technical efficiencies of 437 of the largest fossil-fueled electricitygenerating plants in the United States. Using DEA Sueyoshi and Goto, (2010) , explored the connection among environmental, operational and financial performance in the Japanese manufacturing industry.
Data envelopment analysis (DEA) is a technique that measures the relative efficiencies of a Decision Making Unit (DMU). The technique was introduced by
Sustainable development can be defined as that which meets the needs of the present without compromising the ability of future generations to meet their own needs. Environmental efficiency is an important part of sustainable development. Yu and Wen, (2010) , measured the urban environmental sustainability of 46 Chinese cities in 2007 using DEA and the Malmquist productivity index. Several indicators including economic, environmental, and resource sub-systems which are frequently involved in the concept of environmental sustainability are employed in the study. They indicate that the GDP per capita, city scale, and the industrial structure are influential factors in terms of environmental sustainability. Eco-efficiency is one of the primary tools used to promote a transformation from unsustainable development to that of sustainable growth. It is based on the concept of creating more goods and services while using fewer resources and creating less waste and pollution. In other words, ecoefficiency is the ratio between the value of what has been produced and the environment impacts of the product or service (Yu et al., 2013) . Picazo-Tadeo et al., (2011) , investigated China's eco-efficiency trends during the period 1978-2010. The eco-efficiency indicators showed an increase in resource utilization, energy consumption, emissions to air and water, and relative decoupling occurred in China at a higher level in the global context. Zhang et al., (2008) , conducted an eco-efficiency analysis for regional industrial systems in China by developing DEA based models. In the study the pattern of the eco-efficiency of the regional industrial systems was presented using real data from 30 provinces in China.
In the related literature concerning DEA to our knowledge, there has been no application of the model to the environmental system of Turkey. This paper reports on a study in which four DEA models were employed to evaluate the environmental efficiency of 81 Turkish cities in 2010. For each model, environmental efficiency maps of Turkey are constructed.
The aims of this paper are:
 To apply the DEA concepts and principles, and develop a DEA modeling strategy that produces more accurate models to fit the structure of environmental efficiency in Turkish cities.
 To estimate efficiency scores using Turkish input-output data and environmental data from 2010.
 To construct clusters among Turkish cities with respect to the obtained efficiency scores.
The paper is organized as follows: Section 2 contains general information about DEA, explains the definitions of the DEA terms, and clarifies the classical DEA model formulations. Section 3 gives information about the study area and data. Section 4 presents the results of study and an analysis of the data. Finally, the concluding remarks are given in Section 5.
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Data Envelopment Analysis
DEA is a linear programming model for evaluating the performance of decision making units (DMUs). This method has been extensively used in performance evaluation and benchmarking of organizations such as military operations, education, health care, production and bank branches (Charnes et al., 1994) .
If there are n DMUs each has m inputs and s outputs, the efficiency score of a DMU o is obtained by solving the following model proposed by Charnes et al., (1978) .
∑ u r y rj n r=1
The model can be converted to a decision model known as the CCR Model as given below (Cooper et al., 2000) : Banker et al. (1984) . This model is based on the dual model, and adds a restriction on λ's. BCC Model as follows:
λj≥ 0
Where yrj is the amount of r th output for j th DMU and xij is the amount of input for the same DMU. λ is the non-negative vector. The BCC model evaluates the efficiency of Oth DMU (O = 1,...,n) by solving the above LP problem. A DMU is BCC efficient if it has a relative efficiency score of 1, and a relative efficiency score less than 1 shows the inefficiency of the DMU (Mondal and Chakraborty, 2013 ).
The models given above are run n times and the relative efficiency scores of all the DMUs are calculated. In the model, each DMU takes input and output weights that maximize its efficiency score. If any DMUs efficiency score is 1, then this DMU is considered efficient, otherwise it is inefficient (Cooper et al., 2000) .
DEA method is used in many areas because it has some advantages. First of all, DEA can compare each DMU by a single efficiency score. Secondly, DEA can show some areas of improvements for each single DMU by projecting inefficient units on the efficient frontier.Thirdly, DEA can assist making inferences on the DMUs' general profile. Moreover, DEA can use multiple inputs and outputs stated in different measurement units. Furthermore DEA focus on a best-practice frontier, instead of population centraltendencies. Every unit is compared to an efficient unit or a combination of efficient units. Finally, no restrictions are imposed on the functional form relating inputs to outputs.
However, DEA models have some limitations. Firstly DEA is an extreme point technique, and selecting wrong inputs/outputs errors can cause significant problems. Secondly, large problems can be computationally intensive, because DEA generates a separate linear program for each DMU. There are some packages which facilitate the processing of large amounts of data. Thirdly, DEA has limitations in aggregating different aspects of efficiency, especially in the case where DMUs perform multiple activities. Moreover, the difficulty of mixing different dimensions of the analysis is another problem of DEA. For example, assume a DMU performing two different functions. The DMU may be efficient in the first function and inefficient in the second function. This problem can be solved by two separate DEA models, because relevant inputs and outputs for each dimension are not directly comparable. Furthermore, DEA does not specifically address absolute efficiency. It informs only how well the DMU is doing compared to the efficient units, but not compared to a theoretical maximum (Ramanathan, 2003; Üstün and Barbarosoğlu, 2015) .
Data
As mentioned above, DEA was applied to 81 Turkish cities to evaluate their efficiency in 2010. In order to model the relative efficiency of a set of DMUs, every city administration of Turkey is considered to be a DMU.
For the implementation of DEA, the most important stage is the selection of inputs and outputs because inputs and outputs lead to incorrect results and diagnoses for the efficiency of organizations (Cooper et al., 2000) . Table 1 presents outputs and inputs used in the study. Air pollution is a very serious problem for many countries and the negative effects on human health have been verified by various researchers. The PM10 and SO2 concentrations (µg/m 3 ) are two of the most important parameters which provide information about a city's air pollution. Sulfur dioxide (SO2) mostly originating from the oxidation of sulfur compounds is one of the most dangerous polluters of the environment and air (Periera et al., 2007 , Nikolić et al., 2010 . Suspended particles of PM10 are another example of serious ambient air polluters which harm public health (Koelemeijer et al., 2006) . PM10 particles often cause respiratory and cardiovascular diseases and increase mortality (Kappos et al., 2004 , Nikolić et al., 2010 . These two variables γ and β are considered to be the undesirable outputs, termed and are calculated as follows: γ= 1/(/(Maximum SO2 concentration in 2010 in that city) β=1/(/(Maximum PM10 concentration in 2010 in that city)
The amount of municipal solid waste collected by the municipalities (ton/year), the number of people served by the sewerage system, and number of people served by the water supply networks and water treatment plants in municipalities are the other three outputs in the study.
The first input is the total of the water resources of the city (m 3 /year). The current and investment expenditure on environmental services (Turkish Lira) are the two financial inputs. The current expenditure consists of salaries, government premium to social security agencies, purchase of goods, materials and environmental services; the investment expenditure includes purchase of machinery, equipment and motor vehicles and expenses for buildings, facilities, repair and maintenance.
All the data was obtained from the Turkish Statistical Institute with the air quality, waste, and financial statistics being provided by the related provincial centers in Turkey (www.turkstat.gov).
Results and Discussion
In this section the results obtained by applying the four DEA models are presented. The scores were computed using Model A, B, C, and D. As stated in Section 2, DEA is a flexible technique that produces efficiency scores that differ when alternative sets of inputs and outputs are used. All DEA models in the study have same output variables. However, in Model A and Model B, current expenditure, total environmental expenditure, and total water resources are the input variables; however, in Model C and Model D, the total environmental budget (consisting of current expenditure and total environmental expenditure) and total water resources are used as input variables. Model A and Model C are CCR based models (Charnes et al., 1978) , on the other hand Model B and Model D are based on BCC Models (Banker at al., 1984) .
The primal linear programs associated with the models are solved using Efficiency Measurement Systems (EMS) software package developed by Holger Scheel, (2000) . The environmental efficiency scores obtained from the four models are listed in Table 2 . Table 3 presents a summary of the environmental efficiency ratings for all the provinces. The mean environmental efficiency score of Turkish cities in the study is 59.64% for Model A, 77.6% for Model B, 54.93% for Model C, and 71.35% for Model D. Specifically, scores lower than this mean imply that there is a need for these DMUs to further improve efficiency in order to achieve the best practice. Central government also needs to support the city administrations by creating an appropriate policy environment that promotes efficiency. The environmental efficiency maps of Turkey were constructed from the model results. As shown in Figure  2 , the cities in the Middle Anatolian Region, Mediterranean Region, Aegean Region, Marmara Region and some parts of East Anatolian Region appear to be more efficient users of the input quantities to produce a given output as compared to the other city administrations. This means that there are inefficiencies in the use of these inputs among the inefficient city administrations, which these DMUs need to remedy to achieve increased efficiency. 
Conclusion
This study presented the environmental efficiency of Turkish cities using a non-parametric approach to efficiency measurement, represented by DEA technique. Sustainable development consists of economic and environmental dimensions (Coli et al., 2011) . Hence, environmental efficiency is of great importance for decision makers. In this study two dimensions of sustainable development are taken into consideration to determine the environmental efficiencies of Turkish cities. Using data published by the Turkish Statistical Institute, the relative efficiency score of Turkish cities were calculated for the year 2010 using four DEA models.
Several studies about environmental efficiency evaluation were found in the literature; however, there was no DEA application in environmental efficiency for Turkish cities. Thus, the current study is the first DEA implementation in Turkish cities.
One of the contributions of this study to the enhancement of environmental management in Turkey is that it provides a way for inefficient DMUs to determine the causes of their inefficiencies thus these DMUs can take measures to remove or reduce their inefficiencies, and be better prepared for future environmental disasters. This study also shows the potential use of DEA to determine and evaluate the effectiveness of the environmental activities of Turkish city administrations. The results of the study can help local and central authorities to improve environmental policies and regulations. Moreover, the efficient and inefficient units in Turkish cities are determined, according to environmental efficiency. Furthermore, target inputs and outputs are determined by peer DMUs for inefficient units. In addition, different DEA models are implemented and the resulting similarities and differences are investigated. Also, environmental efficiency maps are constructed and they can show where the environmental risk areas of regions are located.
The models implemented in this research can be improved. First, additional key variables in the form of other environmental pressures can be added to evaluate the performance of the DMUs. Secondly, the model can be extended to further application studies to compare the ecological performance with other countries. In the current study, CCR and BCC Models were employed; in future work other DEA models can be applied.
